Purpose The Fas-Fas Ligand interaction is one of the essential events for the induction of apoptosis whereas the exact role of their soluble forms in the reproductive system is still not fully understood. Also oxidative stress in the pathogenesis of infertility causing diseases in women and has been suggested as one of the important factors that negatively affect IVF outcome. In this study, our aim was to evaluate serum and follicular fluid levels of soluble Fas soluble Fas Ligand, malondialdehyde, superoxide dismutase and total antioxidant capacity in patients undergoing IVF and compared with controls. Methods This study included 109 patients. Patients were classified as unexplained infertility (N=31), PCOS (N=19), tubal factor (N=9) and endometriosis (N=10) and compared with male factor infertility (N=40) that was the control group. sFas and sFasL levels were measured by immunoassay method. MDA, SOD and TAC levels were measured by colorimetric method. Results Patients with unexplained infertility, PCOS and tubal factor had significantly lower sFas levels compared with their controls (respectively, p<0.01, p<0.05, p<0.05). However, SOD activity in unexplained infertility, PCOS and endometriosisgroupswere significantly higher than control group (p<0.01).Decreased follicular fluid TAC levels were found in all patient groups compared with controls (respectively, p<0.01, p<0.05, p<0.01, p<0.01).Patients with tubal factor had significantly higher serum sFasL (p<0.05), but lower follicular fluid sFasL levels (p<0.05) compared with unexplained infertility. Tubal factor and endometriosis groups had lowerfollicular fluid TAC levels compared to unexplained infertility and PCOSgroups (p<0.01). Conclusion(s) In this study, serum and follicular fluid sFas levels were decreased and antioxidant activity was impaired in infertility, possibly implying increased apoptosis. Especially in unexplained infertility group changes in this parametres more remarkable.
Introduction
Apoptosis or programmed cell death is the co-ordinated collapse of cell with protein degradation, DNA fragmentation, followed by rapid engulfment through neighboring cells [1] . Apoptotic changes in follicular fluid or in follicular cells can influence IVF outcome. Follicular fluid provides an important microenvironment for the proper development of oocytes. It contains a complex mixture of proteins and other factors, which can influence their subsequent developmental potential [2, 3] . Fas and Fas ligand (FasL) are membrane proteins that exist in both transmembrane and soluble forms. The former triggers apoptosis when bound by FasL, whereas the latter inhibits Fas mediated apoptosis by preventing death signal transduction [4] . Soluble Fas (sFas) is detected in human serum and fluids of the reproductive system, including seminal plasma, oviductal fluid and follicular fluid [5] . Presence of apoptotic and proliferative factors in both follicular fluid and serum samples of women undergoing IVF cycles further confirms apoptosis as a regulatory mechanism for oocyte maturation and survival [6] .
Study of oxidative stress in reproductive diseases is also growing science. Recently, presence of various oxidant/ antioxidant systems in a number of reproductive tissues has sparked an interest in studying the relationship of oxidative stress parameters with different female infertility [7] . Strong evidence implicated oxidative stress in the pathogenesis of infertility causing diseases in women has been suggested as one of the most important factors that negatively affect artificial reproduction technique outcome [8] [9] [10] . The presence of reactive oxygen species (ROS) in reproductive tissues, peritoneal fluid in endometriosis patients and follicular fluid of patients undergoing IVF has been documented [7, 11] . Antioxidant enzymes such as superoxide dismutase could be beneficial in enchancing implantation and maintaining pregnancy by antagonizing the harmful oxygen free radicals [12] .
Superoxide dismutase enzyme is believed to play a major role in the first line of antioxidant defence by catalyzing the dismutation of superoxide anion radicals to form hydrogen peroxide (H 2 O 2 ) and molecular oxygen [13] . Lipid peroxidation (LPO) is a normal phenomenon that occurs continuously at low levels of in all humans [8] . Uncontrolled peroxidation can damage enzymes, lipids, proteins and cell membranes and results in cell injury and death [14] . One of the several consequences of ROS production in the ovary is damage to the plasma membranes through LPO of polyunsaturated fatty acids [15] [16] [17] . ROS levels and LPO in follicular fluid of the developing oocyte have been suggested as markers of embryo quality in IVF [17] . Oyawoye et al. assessed the stability and role of non-enzymatic antioxidants in the follicular fluid (FF) of women undergoing IVF-embryo transfer by measuring antioxidant consumption and total antioxidant capacity (TAC) in follicular fluid. The mean TAC in follicular fluid from follicles containing oocytes did not differ from that of empty follicles. Fertilized oocytes had significantly higher TAC in their follicular fluid than non-fertilized ones [12] .
In this study, we aimed to examine serum and FF levels of sFas and soluble Fas Ligand (sFasL) as a apoptotic markers, lipid peroxidation (MDA), superoxide dismutase (SOD) and total antioxidant capacity (TAC) as a oxidative stress markers in patients undergoing IVF and compared with controls.
Materials and methods
The study performed with patients attending Turgut Ozal University IVF Clinic between April 2011 and June 2012. A total of 109 patients were enrolled in this study. The inclusion criteria were being <37 years old, having basal FSH levels <12 IU/I and diagnosis of unexplained infertility (N=31), polycystic ovarian syndrome (PCOS) (N=19), tubal factor (N=10), endometriosis (stage I and II) (N=9) and male factor infertility (control group) (N=40). Exclusion criteria were poor ovarian response, hypogonodotropic hypogonodism and severe endometriosis according to the revised American Fertility Society stage III and IV. All patients were informed about the study and signed a written informed consent. Consent forms and protocols were approved by the Local Ethic Committee.
Controlled ovarian stimulation protocol
All IVF patients underwent controlled ovarian stimulation by recombinant human follicule stimulating hormone (rec FSH) or human menopausal gonadotropin (hMG) daily for 7-8 consecutive days and follicular development was monitored by serial transvaginal ultrasonography and serum E 2 concentrations. Two hundred fifty microgram of recombinant human chorionic gonadotropin (hCG, Ovitrel; Serono) injection was given to trigger the final stages of oocyte maturation and ultrason-guided oocyte pick-up was performed 35-36 h later.
The intracytoplasmic sperm injection (ICSI) procedure was performed 4-6 h after oocyte aspiration for all mature oocytes. Fertilization and cleavage was assessed daily and the embryos were classified according to their morphological appearance. Embryos were transfered at day 2, 3 or 5. The luteal phase was supported with a daily 8 % of progesterone gel (Crinone; Serono) starting on the day of oocytr retrieval. Pregnancy was assesed 12 days after embriyo transfer by analyzing the serum β-hCG. Clinical pregnancy was was defined by the presence of gestational sac by transvaginal ultarasonography examination after 5-7 weeks embriyo transfer.
Serum and follicular fluid collection and analysis of markers
Blood samples were taken just before oocyte pick-up. FF samples were aspirated from mature follicles (≥14 mm diameter) at the time of transvaginal ultrason-guided oocyte pickup. Blood and FFwere processed immediately after collection. Blood samples were centrifuged at 4000 rpm 10 min and supernatant was used for total cholesterol, HDL cholesterol, VLDL cholesterol and triglyserid levels analysis and then aliquoted and stored at -70°C until assayed for serum sFas, sFasLigand, MDA, SOD and TAC measurements. All FFbelonging to mature follicles were collected and pooled every patient. FF was centrifuged at 3000 rpm for 7 min to separate cellular cantents and debris and supernatant was aliquoted and stored at −70°C until assayed.
Total cholesterol, HDL-cholesterol, VLDL cholesterol and triglyserid were measured spectrophotometrically on the Roche Cobas Integra 400 analyzer by using commercial kit (Roche, Mannheim, Germany). Concentration of serum LDLcholesterol was calculated by the standard Friedewald formula. Serum FSH, E 2 and TSH concentrations were measured using Siemens enzyme immunometric assay kit on the ADVIA centeaur CP analyzer. sFas measurement sFas levels in serum and follicular fluid were measured by using eBioscience human sAPO-1/Fas ELISA kit. Standart/ serum sample follicular fluid sample (100 μL) were pipetted into each well of an assay plate. Fifty microliter biotinconjugate was added to each well and then incubated for 1 h at 37°C. Each well was aspirated and washed by 200 μL by wash buffer at three times. One hundred microliter Streptavidin-HRP was added to each well, then incubated for 1 h at 37 37°C. Each well was aspirated and washed by 200 μL by wash buffer at three times. One hundred microliter TMB Substrate was added to each well, then incubated for about 10 min at room temperature. After stopping the reaction, optical density at 450 nm of each well was measured using Standard microplate reader, and a blank well was set as zero. According to the standard concentrations and corresponding optical density values, the standard curve was drawn. The corresponding sample concentrations were then determined by comparing the optical density values of samples to the standard curve. The intra-assay CV is 3.8 %.
sFas ligand measurement sFas Ligand levels in serum and follicular fluid were measured by using eBioscience human sFasL ELISA kit. Standart/ serum sample/follicular fluid sample (100 μL) were pipetted into each well of an assay plate. Fifty microliter biotinconjugate was added to each well and then incubated for 2 h at room temperature. Each well was aspirated and washed by 200 μL by wash buffer at three times. One hundred microliter Streptavidin-HRP was added to each well, then incubated for 1 h at room temperature on a microplate shaker set at 100 rpm. Each well was aspirated and washed by 200 μL by wash buffer at three times. One hundred microliter TMB Substrate was added to each well, then incubated for about 10 min at room temperature. After stopping the reaction, optical density at 450 nm of each well was measured using Standard microplate reader, and a blank well was set as zero. According to the standard concentrations and corresponding optical density values, the standard curve was drawn. The corresponding sample concentrations were then determined by comparing the optical density values of samples to the standard curve. The intra-assay CV is 4.6 %.
MDA measurement
Bioxytech MDA-586 Spectrometric Assay kit for malondialdehyde is widely used as indicator of lipid peroxidation. The MDA-586 method is based on the reaction of a chromogenic reagent, N-methyl-2-phenylindole(NMPI) with MDA at 45 37°C to form an colored carbocyanine dye with a maximum absoryion at 586 nm. In brief, 10 μL probucal was added each assay tube. Standart/serum sample/ follicular fluid sample (200 μL) were pipetted into each assay tube. Six hundred fory microliter diluted NMPI was added to each tube. After vortexing each tube, 150 μL concentrated hydrochloric acid was added and incubated at 45°C for 60 min. Turbid samples were centrifuged at 10.000 g for 10 min to obtain a clear supernatant. The clear supernatant was transfered to a cuvette and the absorbance was measured at 586 nm against reference blank. The MDA is expressed as μM. The intra-assay CV is 3.9 %.
SOD measurement
Cayman's Superoxide Dismutase Assay Kit utilizes a tetrazolium salt for detection of superoxide radicals generated by xanthine oxidase and hypoxanthine. Ten microliter standart/ serum sample/ follicular fluid sample and 200 μL diluted Radical Detector were added each well. Reactions were initiated by adding 20 μL of diluted Xanthine Oxidase to all the wells. The plate was incubated on a shaker for 20 min at room temperature. Absorbance was read at 440-460 nm using a plate reader. SOD activity of the samples was calculated the equation obtained from the linear regression of the standart curve substituting the linearized rate for each sample. The intra-assay CV is 3.9 %.
TAC measurement
Serum and follicular fluid total antioxidant capacity (TAC) levels were determinedspectrophotometrically according to 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) decolorization assay by using Rel Assay Diagnostics, Total Antioxidant Status Assay kit. Thirty microliter standart/ serum / follicular fluid sample were added in eppendorf tube. Five hundred microliter assay buffer (Reagent 1) were added and first absorbance was mesured at 660 nm. After measurement of first absorbance 75 μL colored ABTS Radical solution (Reagent 2) were added, incubated 10 min at room temperature and second absorbance was measured at 660 nm. The intra-assay CV is 4.4 %.
Statistical analysis
A minimum sample of n=105 was calculated to detect a difference of approximately 40 % between controls and study group patients with power of 0.9 and alpha at 0.05. All results are expressed as means±standard error. Statistical analysis were performed by using SPSS packed programme (version 18 software, SPSS Inc. Chicago, Illionis, USA). One way analysis of variance was used in significance of differences between the groups. Student't t-test was used to compare the results between independent groups. The relationship between variables with the Pearson coefficient is viewed. All statistical analysis the value of p<0.05 was considered statistically significantand Pearson chi-squared test for categorical variables,where applicable.
Results
Clinical characteristics of study group are shown in Table 1. There were no significant differences in age, body mass index (BMI), duration of infertility, basal serum FSH, E 2 and TSH levels. There was not found any significant difference between total patient group and control group according to serum lipids. Cycle characteristics and treatment outcomes of the study group are shown in Table 2 . Total dose of gonadotropinused, E2 levels on the day of HCG administration, endometrium thickness, number of oocyte retrieved,number of mature oocyte, fertilization rate,number of embryo transfered were similar between total patient group and control group. In the present study, cycle characteristics and clinical pregnancy rates showed no significantly difference between groups.
Our data showed that there was not found any significant difference between control group and total patient group in the comparison of serum/follicular fluid sFas, sFasL and serum SOD levels (p>0.05) ( Table 3 ). Both serum MDA and TAC levels were higher (respectively, p<0.05, p<0.01), follicular fluid MDA and TAC levels were lower in patient group (p<0.01). Follicular fluid SOD levels in patient group were significantly higher when compared to control group (p<0.05).
We found positive correlations between sFas in FF and and the number of oocytes retrieved, fertilization rate and number of total embryos in unexplained infertility women. There was observed positive correlation between MDA in serum and number of total embryos in this patient group (Table 4) .
Serum sFas levels of unexplained group (2.85±0.44 pg/ mL) and follicular fluid sFas levels in patients with PCOS (2.28±0.52 pg/mL) and tubal factor (2.23±0.30 pg/mL) had significantly lower than control group (for serum 2.90± 1.01 pg/mL, for FF 2.70±0.61 pg/mL) (p<0.01, p<0.05, p<0.05 respectively). In patients with endometriosis, follicular fluid sFas levels (2.88±0.57 pg/mL) were higher when compared to tubal factor (2.23±0.30 pg/mL) and PCOS group (2.28±0.52 pg/mL) (p<0.01, p<0.01, respectively) (Fig. 1) .
Tubal factor group had significantly higher serum sFasL (4.40±1.70 ng/mL) but lower follicular fluid sFasL (2.48± 0.51 ng/mL) when compared to unexplained group (serum 3.24 ± 1.11 ng/mL, follicular fluid 3.86 ± 1.82 ng/mL) (p<0.05, p<0.05, respectively). Moreover, serum sFasL (3.24±1.12 ng/mL) was found lower but follicular fluid sFasL levels (3.87±1.83 ng/mL) were higher in unexplained group when compared to endometriosis group (for serum 4.29± 2.08 ng/mL, for FF2.48±0.87 ng/mL) (p<0.05) (Fig. 2) .
In patients with unexplained infertility had lower follicular fluid MDA levels (3.19±0.21 μM) than control group (3.47± 0.30 μM) and endometriosis (3.39 ± 0.39 μM) (p< 0.01, p<0.05, respectively) (Fig. 3) . Serum and follicular fluid SOD levels (for serum 3.59± 0.45 U/mL, for FF 4.66± 1.64 U/mL) in unexplained infertility was found significantly higher than control group (for serum 3.47±0.68 U/mL, for FF 3.14±0.91 U/mL) (p<0.01, p<0.01, respectively). Similarly follicular fluid SOD levelsin PCOS (4.62±1.23 U/mL) and endometriosis (4.88±0.91 U/mL) were higher than control group (PKOS 3.14 ± 0.90 U/mL, endometriosis 3.14 ± 0.90 U/mL) (p<0.01, p<0.01, respectively) (Fig. 4) .
Signicant decrease of follicular fluid TAC levels were observed in unexplained(0.88±0.16 mmol/L), PCOS 0.91± 0.22 mmol/L), tubal factor (0.55±0.20 mmol/L) and endometriosis (0.64±0.23 mmol/L) group when compared to controls (1.31±0.63 mmol/L) (p<0.01, p<0.05, p<0.01, p<0.01, respectively) but serum TAC levels were higher in unexplained (1.88±0.57 mmol/L), PCOS (1.96±0.73 mmol/L) endometriosis (1.94±0.47 mmol/L) (p<0.01, p<0.01, p<0.05, respectively) than control (1.50±0.48 mmol/L) (Fig. 5) . There was not found any significant difference in serum TAC levels of tubal factor (1.47±0.43 mmol/L) and control group (1.50± 0.48 mmol/L) . In patients with tubal factor, levels of follicular fluid TAC were lower (0.55±0.20 mmol/L) than PCOS (0.91 ±0.22 mmol/L) and unexplained infertility group (0.88± 0.16 mmol/L) (p<0.05, p<0.01, respectively). Similarly serum TAC levels in tubal factor (1.47±0.43 mmol/L) were lower than endometriosis group (1.94 ± 0.47 mmol/L) (p < 0.01). PCOS (0.91 ± 0.22 mmol/L) and unexplained (Fig. 5 ).
Discussion
In this study, we examined serum and FF levels of sFas and sFas Ligand as a apoptotic markers, lipid peroxidation, superoxide dismutase and total antioxidant capacity as a oxidative stress markers in patients undergoing IVF and compared with controls. Apoptosis has emerged as a major mode of cell death in living tissues, regulating homeostasis. It is involved in many processes of reproductive physiology, e.g. follicular atresia, implantation and endometrium proliferation. It is coordinated by a number of molecules including Fas, Fas ligand, soluble (s)Fas, and bcl-2. Fas is activated by its natural ligand, FasL, which exists in a soluble and membranal form [18] . Fas mediated apoptosis requires the balancing of receptor-ligand interaction that can be modulated by the sFas that acts as a functional antagonist of FasL mediated apoptosis [19] . There are limited data about soluble apoptotic markers in IVF patients. Sarandakou et al. found diminished serum sFas levels in women undergoing IVF compare with those of healthy female controls [6] . They think that low levels in this apoptotic marker imply increased apoptosis and possibly a downregulation of the immune system of patients. Onalan et al. reported that low levels of serum sFas in patients with PCOS compared to male factor infertility group [20] . But they didn't found any significant difference in terms ofFF of sFas and sFasL, serum sFasL in these groups. They observed increased serum levels of sFas and decreased FF levels of sFasL observed in IVF patients receiving metformin therapy compared to those on placebo. They concluded that Metformin therapy has antiapoptotic effect in PCOS patients. In another study by the same authors, similar results were found in infertility patients due to endometriosis [21] . There was found decreased serum sFas levels in endometriosis group compared to male factor infertility group. They suggests that low levels of serum sFas may be associated with increased apoptosis in endometriosis. In contrast, there is study mentioning that serum and FF sFas levels in IVF patients varies with different patients' diagnosis [19] . They reported that high concentration of sFas in serum and FF in patients with uterine causes of infertility compared with those having other causes of infertility. In our study, we found serum sFas levels in unexplained infertility patients, FF sFas levels in PCOS and tubal patients lower than those of control group. Moreover, endometriosis group FF sFas levels were higher than those of tubal and PCOS patients. Our findings suggest that low levels of sFas may be associated with increase of apoptotic activity in IVF patients with different causes of infertility. In a study about serum sFasL levels in women with endometriosis, elevated sFasL levels were found in patients compare with fertile women without endometriosis [22] . They think that women with endometriosis is susceptible to apoptosis more thanwomen without disease. In our study, we found significant difference between tubal and unexplained infertility, between endometriosis and unexplained infertility patients according to sFasL in serum and FF. Interestingly, we observed high serum sFasL but low FF sFasL concentrations in infertility patients with tubal and endometriosis compared to those of unexplained infertility patients, not controls. In our study, we observed that FF sFas concentrations in patients with unexplained infertility positively correlated with the number of oocytes retrieved, fertilization rate and number of total embryos. However, Abdelmeged et al. found low levels of sFas in serum were associated with high numbers of fertilized oocytes.
Apoptosis can be initiated by oxidants [23, 24] . Following an apoptotic signal, cells sustain progressive lipid peroxidation. Thus, reactive oxygen species (ROS) have been implicated in the induction of apoptosis [25, 26] . Normally, there is equilibrium between ROS production and the ability of the antioxidants to scavenge their excessive production. High ROS production or impaired antioxidant mechanisms result in oxidative stress targeting cellular components, including cell membranes and nucleic acids [27] . One of the several concequences of ROS production in the ovary is damage to the plasma membranes through LPO of polyunsaturated fatty acids [17, 28] . In a study by Pasqualotto et al., FF lipid peroxidation in women undergoing IVF was positively correlated with the pregnancy rate [15] . They suggest that lipid peroxidation may be good marker of metabolic activity within the follicle. There is inconsistent data about lipid peroxidation in IVF patients. In a study by Chattopadhayay et al., increased MDA concentrations, as an index of lipid peroxidation were observed [29] . In contrast to this study, Prieto et al. found no difference between women with endometriosis compared with control group [30] . In our study, women undergoing IVF had higher levels of serum MDA, but lower levels of FF MDA than those of controls. The highest value in FF MDA levels was in endometriosis group, the lowest value in FF MDA levels was in unexplained group. We assumed that there was oxidant-antioxidant imbalance in IVF patients, but serum values were not parallel with the follicular fluid values. Antioxidants are scavengers that detoxify excess ROS, which helps maintain the body's delicate oxidant/antioxidant balance. Enzymatic antioxidants such as superoxide dismutase and glutathione oxidase as well as nonenzymatic antioxidants including vitamin A, vitamin E, zinc, and selenium are essential inmaintaining adequate levels of ROS in the cell by disposingand removing excess free radicals [31] . Strong evidence implicated oxidative stress in the pathogenesis of infertility causing diseases in women [8] [9] [10] 32] . Sabatini et al. demonstrated the presence of SOD activity in FF and serum from women undergoing IVF. SOD activity was in FF higher than in serum [33] . In prospective cohort study by Younis et al.,in patients including PCOS, endometriosis and unexplained infertility, antioxidant enzyme's activities were measured [34] . There was statistically difference between pregnancy positive group and pregnancy negative group according to serum SOD activities. Higher SOD activities were found in pregnancy positive group than those of pregnancy negative group. Ovarian stimulation caused a significant increase in serum SOD activities in women undergoing IVF. Similarly, another study showed that good correlation between FF SOD activitiesand fertilization rate [28] . In this study, we found elevated FF SOD activities in infertility patients compare with controls. In PCOS and endometriosis patients, FF SOD activities were increased compared to control group. Specially, increased serum and FF SOD activities were found in patients with unexplained infertility in our study. It is possible that this increase can be to maintain oxidant-antioxidant balance in IVF patients.
The imbalance that leads to oxidative stress may be due to decreased TAC as well as to increased ROS levels [35] [36] [37] [38] . The sum of levels of non-enzymatic antioxidants called as total antioxidant activity or TAC may be indicative of the extent of oxidative stress. Pasqualotto et al. reported that decline in FF TAC concentration in nonpregnant women compare with pregnant women undergoing IVF [28] . In earlier study by the same authors, they found lower serum TAC concentrations than FF TAC concentrations in IVF patients. Some authors suggested that impaired embryo development may be associated with an elevated ROS production and for neutralizethem reduction of TAC concentrations [39] . Appasamy et al. were found no significant relationship between plasma or FF TAC levels and the underlying etiology of infertility in IVF patients [40] . Our results conflict with their findings. In this study, signicant decrease in FF TAC levelswere observed in IVF patients compared with controls. Surprisingly, there was found elevation in serum TAC levels between patients and control group. In infertility groups except tubal, serum TAC levels higher than those of controls. FF TAC levels are lower in all patients compared to control group. FF TAC concentrations in tubal and endometriosis infertility patients, serum TAC concentrations in tubal infertility patients were lowest in patient groups. Finally, our results indicate that presence of oxidative stress in FF of patients with different causes of infertility.
These findings support the idea that serum and follicular fluid sFas levels were decreased and antioxidant activity was impaired in infertility, possibly implying increased apoptosis. Especially in unexplained infertility group changes in this parameters more remarkable. In spite of small number of participants, the present study is one of the limited number of studies evaluating apoptosis in infertility patients with different diagnosis. Larger studies are warranted to explore possible association between apoptosis and infertility. 
